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Abstract
This thesis presents the capabilities of metallocene based catalysts for the synthesis of functional poly(olefin)s. Two methods, namely synthesis of terminally unsaturated poly(a-olefin)s by exploiting the chain transfer reactions in metallocene catalyzed polymerization of a-olefins and copolymerization with dienes were examined. A study of bulk polymerization of hexene-1 using different metallocene/MAO catalysts was undertaken to produce terminally unsaturated poly(hexene-1)s via chain transfer reactions. Poly(hexene-1) with Mn varying from 500 - 15 000 was obtained with polymerization temperature (Tp) varying from -20 to 50 0 C. Highly regiospecific catalysts like Cp 2 ZrCl 2 , (n-BuCp) 2 ZrCl 2 and (CH 3 ) 2 SiCp 2 ZrCl 2 result in vinylidene as the major end group which arise due to b-hydrogen transfer after 1,2 insertion. Both vinylidene as well as internal vinylene (arises due to b-hydrogen transfer after 2,1 insertion) end groups were observed with a poor regiospecific catalyst like rac Et(Ind) 2 ZrCl 2 . Interestingly internal vinylene end group was found to increase with decrease in temperature with all the catalysts. A study of copolymerization of hexene-1 with a symmetrical diene namely 2,5-norbornadiene using different metallocene/MAO catalysts was found to occur exclusively through one of the two equally reactive endocyclic double bonds for unbridged as well as ethylene bridged catalysts. No crosslinking occurs during copolymerization with any of the catalysts examined. The amount of incorporation of diene, catalytic activity, number average molecular weight (Mn), regio errors and end groups depend on the metallocene used and also on the experimental conditions. A simple facile route for the synthesis of phenol/2,6 dimethylphenol terminated Poly(hexene-1) was identified by alkylation of phenol/2,6 dimethylphenol with terminal vinylidene unsaturation of poly(hexene-1) using BF 3 :OEt 2 catalyst. The number average degree of functionality (Fn) as high as 95 mol % was obtained for low molecular weight oligomers with >95 mol% para selectivity. The selectivity of para isomer was found to decrease with increase in number average molecular weight (Mn). Alkylation of bisphenol-A with vinylidene terminated poly(hexene-1) was also attempted. Although the results showed complex results, however, improved methods can be identified. A polyolefin bearing terminal alkylamide functional group was synthesized by Ritter reaction of terminal vinylidene double bonds in poly(hexene-1) with various nitriles using an acid catalyst. This is the first example of a post polymerization functionalization of terminal vinylidene double bond in a polyolefin to alkylamide group. The number average degree of functionality (Fn) as high as 90 mol% was obtained. Amongst the three N-poly(alkenyl) alkylamides, N-poly(alkenyl) acrylamide was found to undergo aggregation via intermolecular hydrogen bonding as evidenced by FT-IR. N-poly(alkenyl) acrylamide is a useful macromonomer and can be used in the synthesis of hydrophobically modified polymers. The pendant double bonds in hexene-1/2,5-norbornadiene copolymer were functionalized to carboxylic acid groups under mild conditions using KMnO 4 . The functionalized copolymer was found to be insoluble in toluene with NBD incorporation more than 6 mol%. The fact that the double bond was part of a strained endocyclic [2.2.1] skeleton enabled it to be oxidized under a very mild condition. In conclusion, the work presented in this thesis illustrates the versatility of metallocene catalysts for the synthesis of functional poly(olefin)s. The chain transfer reactions in metallocene catalyzed polymerization of hexene-1 are exploited to synthesized terminally functionalized poly(hexene-1). Presence of regio errors in copolymers of hexene-1 with either norbornene or norbornadiene using highly regiospecific catalysts is also an important observation. 
8.2 Scope for future work Vinylidene terminated poly(hexene-1) can be used as a macromonomer in copolymerization of isobutylene by carbocationic polymerization to give branched poly(isobutylene). Synthesis of such branched poly(isobutylene)s is not well established. 
Phenol terminated poly(hexene-1) offers several future opportunities. The phenol group can be further converted to caprolactone, caprolactum, by post modification, which finds applications as reactive steric stabilizer for dispersion polymerization. Phenol group can also ethoxylated by ethylene oxide to find applications as surfactants etc. Accessibility of control over hydrophobic and hydrophilic balance can be achieved by appropriate reaction conditions. Ethoxylated phenols called "ethoxylates" are an important class of surfactants, which are widely used, in our daily life. These compounds in general are prepared by ethoxylation of commercially available alkyl phenols such as nonyl phenol, dodecyl phenol etc. The properties these compounds are in general sensitive to hydrophobic and hydrophilic balance. However, the major concern with this kind of compounds is control of hydrophobic moiety, which is restricted to less than C-18. In order to synthesize ethoxylates with a wide range of hydrophobic content (C-40-100), alkylation of phenol with terminally vinylidene polypropylene (Mn 500 - 1000) can also be attempted. 
We first time reported the Ritter reaction of vinylidene terminated poly(hexene-1)s with nitriles. It can be further extended with various other nitriles to give novel structures, which are not accessible, by other conventional techniques. N-poly(alkenyl) acrylamide is an important macromonomer, which could be further copolymerized with acrylamide to give novel hydrophobically modified copolymers. It is an interesting phenomenon to analyze nature of copolymers (random or random block). The hydrophobic moiety in the synthesis of commercially available N-alkyl acrylamides is restricted to C-6 to 18 due to their method of preparation. 


